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Abstract— Prompt Gamma Neutron Activation (PGNAA)
systems require the use of a gamma-ray spectrometer to record
the gamma-ray spectrum of an object under test and allow the
determination of the object’s composition. Field-portable
systems, such as Idaho National Laboratory’s PINS system, have
used standard liquid-nitrogen-cooled high-purity germanium
(HPGe) detectors to perform this function. These detectors have
performed very well in the past, but the requirement of liquid-
nitrogen cooling limits their use to areas where liquid nitrogen is
readily available or produced on-site. Also, having a relatively
large volume of liquid nitrogen close to the detector can impact
some assessments, possibly leading to a false detection of
explosives or other nitrogen-containing chemical. Use of a
mechanically-cooled HPGe detector is therefore very attractive
for PGNAA applications where nitrogen detection is critical or
where liquid-nitrogen logistics are problematic.

Mechanically-cooled HPGe detectors constructed from p-
type germanium, such as ORTEC’s TransSpec, have been
commercially available for several years. In order to assess
whether these detectors would be suitable for use in a fielded
PGNAA system, Idaho National Laboratory (INL) has been
performing a number of tests of the resistance of mechanically-
cooled HPGe detectors to neutron damage. These detectors have
been standard commercially-available p-type HPGe detectors as
well as prototype n-type HPGe detectors. These tests compare
the performance of these different detector types as a function of
crystal temperature and incident neutron fluence on the crystal.

I. INTRODUCTION

IDAHO National Laboratory’s PINS system is a field-portable
prompt gamma neutron activation analysis system that is
currently used by the U.S. Army and others. The system is
commercially available from the ORTEC division of Ametek
[1]. As it is currently shipped, the system consists of a 40%
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relative efficiency n-type high-purity germanium (HPGe)
spectrometer, a 5 pg ~>Cf neutron source, notebook computer,
and detector stand. A schematic of the system is shown in

Figure 1.
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Fig. 1. INL’s PINS system

The system is used to assess munitions [2] and determine
their contents, i.e. whether they contain chemical warfare
materiel (CWM), explosives, smoke-generating chemicals, or
inert materials. Because the system is field-portable, it is
generally used at the site where a munition has been recovered,



and has been deployed by teams in Iraq and Afghanistan.
These remote locations have made the logistics of obtaining
liquid nitrogen problematic at times and there has therefore
been significant interest in exchanging a mechanically-cooled
HPGe detector for the standard LN2-cooled instruments. As
part of this change we at INL have undertaken a study of the
resistance of these mechanically-cooled HPGe detectors to
neutron damage. There has been significant previous work in
this area [3-4], but most recent studies have concentrated on
detectors cooled with liquid nitrogen rather than at the higher
temperatures generated by mechanical coolers.

Neutron damage in HPGe crystals becomes evident in the
shape of peaks of the gamma-ray spectrum. An example of
this can be found in Fig. 2 where the 1.33 MeV peak from
%Co can be seen both before and after neutron irradiation of a
detector.
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Fig. 2. %°Co peak before and after neutron damage of detector

This distortion of the peak shape is caused by charge-
carriers in the HPGe crystal being trapped before they can
reach the charge-collection electrodes. Fast neutrons can
cause germanium atoms to be displaced from their usual
positions in the crystal lattice, creating traps for charge-
carriers and resulting in incomplete charge collection.

INL has conducted two separate experimental campaigns to
examine the effects of neutron damage on mechanically-cooled
detectors. The first was a series of irradiations on an ORTEC
MicroDetective, where the effects of neutron damage were
compared with those on a standard n-type LN2-cooled PINS
detector. The results [5] of this experiment have been used to
develop a phenomenological model of neutron damage and

have been previously reported. We will concentrate here on
the results of a second series of irradiations on the ORTEC
TransSpec mechanically-cooled spectrometer.

The ORTEC TransSpec uses an approximately 40% relative
efficiency HPGe crystal. These can be either of n or p-type
germanium. These measurements involved irradiations of both
types of TransSpec.

II. EXPERIMENTAL METHOD

The experimental method for irradiating the detectors was
very simple. A *Cf source emitting ~1.1x10’
neutrons/second was placed in a 4-inch by 4-inch polyethylene
moderator block. This moderator block is the standard source
holder in first-generations PINS systems and has a bismuth
window in the front to attenuate low energy x and gamma rays
leaving the source block. A steel plate was placed on the top
of the moderator block to provide fiducial gamma rays from
neutron interactions with iron. A photograph of the
arrangement is shown in Fig. 3.

Fig. 3. Detector irradiation geometry

Neutrons were allowed to impinge on the front face of the
detector. Gamma-ray spectra were measured during the
irradiation, allowing monitoring of the performance of the
detector. Periodically, the neutron source was removed and
measurements of the energy resolution of the detector were
made using a “°Co source. The neutron irradiations were
continued until the full width at half maximum (FWHM) of the
1.33 MeV “Co peak was measured to be approximately 6
keV.

Four separate detector irradiations were carried out. These
were irradiations of an n-type TransSpec with its cooler
operating at 120K, an n-type TransSpec operating at 110 K, a
p-type TransSpec operating at 120 K, and a p-type TransSpec
operating at 110 K.

III. RESULTS

Monte Carlo calculations of the neutron fluence on the face
of the crystal were carried out using Los Alamos National
Laboratory’s MCNP code [6]. These calculations indicate that
for a Cf source emitting 1x10’ neutrons/second, 1300
neutrons/cm”/second were impinging on the front face of the
germanium crystal for each of the detectors.  These



calculations, combined with the measured activity of the ***Cf
source, were used to estimate the integrated neutron flux on
each of the detector’s germanium crystals.

A. Cooler operating at 120 K

The first irradiations that were completed were those using
the TransSpecs operating at 120K. Plots of the full width at
tenth maximum (FWTM) and FWHM of the “°Co 1.33 MeV
peak for both the n-type and p-type detectors can be seen in
Figs. 4 and 5. These figures show the expected [7]
degradation in energy resolution as the integrated neutron flux
on the detectors increases. They also show the expected
resistance to neutron damage of the n-type detector when
compared to the p-type.
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Fig. 4. FWHM and FWTM for p-type TransSpec operating at 120 K
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Fig. 6. FWHM and FWTM for p-type TransSpec operating at 120 K

The two Figs also show the more rapid degradation in the
FWTM when compared with the FWHM. This degradation of
the FWTM is particularly significant for PINS measurements
given that the spectra produced by neutron interrogation of a
munition have many strong peaks, in particular from neutron
interactions with the steel body of the munition which
comprises most of its mass. Peaks produced by explosives or
CWM within the munition are frequently weak when
compared with those produced by the body of the munition

and can therefore be more difficult to identify and fit when
merged with the low-energy tail caused by neutron damage of
the germanium crystal.

B. Cooler operating at 110 K

The results for the n and p-type TransSpecs with the cooler
operating at 110 K can be seen in Figs 6 and 7. These plots
show that there is significantly more resistance to neutron
damage for both of these detectors when compared with the
results with the cooler operating at 120 K.
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Fig. 5 FWHM and FWTM for n-type TransSpec operating at 110 K
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Fig. 7. FWHM and FWTM for n-type TransSpec operating at 110 K

IV. CONCLUSIONS

The use of p-type TransSpecs appears to be severely limited
by the neutron damage they can sustain in a fielded active
interrogation system. This applies in particular to those
operated at 120 K where irradiations on the order of 60 hours
made the systems unable to perform PINS assessments of
munitions. The neutron flux on the detector is somewhat less
in a standard PINS measurement and MCNP calculations of
the flux in this geometry indicate that the detector could be
operated for approximately 90 hours before being too
degraded for additional use.



Changes in the operating temperature of the mechanical
cooler showed significant improvement in the resistance of the
detectors to neutron damage, showing approximately a factor
of two improvement by lowering the operating temperature to
110 K from 120K. This effectively doubles the lifetime of a
detector before it is no longer suitable for use. This drastic
improvement in the resistance to neutron damage warrants
further investigation, in particular the effects of an even lower
operating temperature on both the resistance to neutron
damage and the initial energy resolution of the detector.
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